When I received the invitation to deliver, this lecture, I assumed that, in selecting a man who had worked in the field of medical science but was not himself a doctor, your Council expected a discussion of some aspect of the relation of science to medicine.
There-has in.recent years been a.great and increasing emphasis on the debt of medicine to science, the reasons for which are sufficiently Qbvious. In so far as medicine is applied biologyand such a definition. would cover a very large part of its scientific contentthose who practise. it will naturally be on the watch for those advances in the theory and practice of biological science in its broadest sense that can be brought into the service of their art; they have not lacked and are not likely to lack a rich harvest of scientific discoveries which will sooner or later find their medical application. It appeared to me, however, that we had perhaps heard enough for the.time being of the contribution of scientific discovery to mxedical practic, and I found myself feeling mote in sympCthy with thosewho raise their. voices from time to time to remind us that, although medicine is founded-on and d6pends for its progress on science, a complete doctor, whilst basing his work on science, has to be something very much more than a scientist.
Moreover, it occurred to me that one of the, fields of science in. which much progress had been made in recent years is cyberneticsthe science of control mechanisms; a large part of cybernetics. deals with feed-back mechanisms, of which an increasing number of examples are .being found among physiological processes. Must there not be processes of this kind in operation between two subjects. that are so. intimately related as medicine and science, and, if so, may it not be profitable. for us for once -to reverse the usual direction of our thoughts and to consider, not, what medicine owes to science, but the extent to which the development of science has been. in-,, fluenced by medicine? THE EARLY PERIOD It is evident that this theme could be developed on, a historical basis. Such, however, is not the course that I propose to adopt, at least consistently,: firstly because I am no historian and secondly because it appears to me more illuminating,1 particularly the more modem period, to conil sider the influence that medicine has exercised on, particular branches of scientific work. Nevertheless, a general framework, though necessarilyl a very sketchy one, may be set by reference to the, early cevelopmts ts It is not easy .t know where to begin, but sine I am here concerned with the development.of, ideas and sdimtifile knowledge rath(er. tban -of systems of pr4atice, the first outstanding figure to, be considered must be Aristotle, who was the firsti to attempt systematization ofscientific knowledge,. and to produce ideas.i. biological science which. continued to influence thought for many cen,turies. Indeed, in the Laglder of Life which-he constructed on the basis of his work in naturat history, one can see glimnmerings of.the idea of evolu4ion,Moreover, in his studies Qf the develop, ment of the chick embryo and his dissections: of7 riUmerous species, Aristotle mnay be said to-havoi laid the foundations of embryology and compara-, tive anatomy.
In directing his thought to man, and thus to matters of more immnediate medical interest,. Aristotle was, however, less successful, particu-. larly in the physiological ideas that he formed ofl the relative functions of the heart and the .brain.. For him the heart became the pre-eminent organ of the human body; it was responsible;, as he conceived,.. for movement and heat production, for thought and peroeption; it was indeed the dwelling-place of the soul. The brain, on the ., I.:
other hand, had a subsidiary function onlythat of cooling the heart.
It is not evident how Aristotle was led to this misconception. In part, perhaps, he may have bitein diftcen by the philosophical preoccupation with the search for the home of the human soul-and in part by misinterpretation of his own observations on embryology and on the comparative,An& V of animal species; it has to be remembered that he never, so far as is known, dissected the human body. However this may be, the ideas that Aristotle formed regarding the function of the brain were at variance both with those of his own teacher in philosophy, Plato, and with those of medical men immediately before his time, though similar notions prevailed in Hebraic and earlier cultures; they were also unacceptable to medical men who followed Aristotle, although it is remarkable to observe that the latter's views on the central position occupied by the heart continued to influence medical thought for centuries and are even reflected in some of the writings of William Harvey, not to speak of the association of the heart with the emotions that persists in ordinary language to the present day.
So far as the present discussion is concerned, the point to notice is that the more correct view of the importance and the functions of the brain that was held by his predecessors among medical men and natural philosophers and was developed by his successors was formed on the basis of observations by doctors in the course of their ordinary work, as well, of course, as the result of increased anatomical knowledge derived from dissection of the central nervous system. The results of concussion and the convulsions or paralysis caused by injuries to the brain could leave no doubt in the minds of the medical men who had to deal with people so affected that it was on the brain that the body depended for normal motor and sensory function.
This was the idea adopted by Galen, and he adopted it on the basis not only of the accunulated experience of the past, but as the result of his own observations and experiments. These experiments were not confined to anatomical dissection but extended to observation of the effects in the living animal of section of the spinal cord at different levels. This must surely be regarded as the beginning of experimental physiology, and in the assessment of Galen's achievement it may be set against the justifiable reproach that he hindered the development of medicine for centuries by the blanket of verbiage and authoritarianism in which he smothered the subject.
Furthermore, deterministic as he was in his philosophy and teleological in his reasoning, it was inevitable that Galen, having convinced himself of the pre-eminent position occupied by the brain, should place the seat of the soul in the substance of that organ. In so far as we may equate the modern conception of mind with the ancient conception of soul, this is not far from being the foundation of psychological and psychiatric thought.
RENAISSANCE
Galen was the last of the early medical men to make any really significant contribution to his own art or to science and from him we must take a leap of 1,200 years to find further illustrations of our theme. Science and medicine remained as barren throughout the Dark Ages as all other forms of mental endeavour and it was not until the intellectual revival of the fifteenth century that advance could be resumed.
In biological science, the revival started with the Italian anatomnists. The renewed activity in research on human anatomy was not entirely due to medical men; it was inspired as well by the increasing desire of artists to acquire an accurate knowledge of the structure of the body. It is not surprising, therefore, that Leonardo da Vinci, with his wide-ranging interest and astonishing versatility of skills, scientist, artist and engineer as he was, should have devoted a part ofhis attention to human anatomy and that he should have made new discoveries and corrected earlier mistaken beliefs. The outstanding figure among the anatomists of the Renaissance was, however, Vesalius who, although born in Brussels, must be reckoned a member of the Italian School since he carried out his scientific work in Padua; by the age of 29 Vesalius had completed his great treatise which not only comprised the first comprehensive and reasonably accurate description of the anatomy of the human body, but showed an enlightenment of approach that had previously been lacking; for him function was the interest as much as, or more than, the details of structure. The importance of the work of Vesalius and his successors, particularly Fabricius, who later taught William Harvey, for the development of the sciences of anatomy and physiology and for the art of surgery is sufficiently obvious. I think there is no doubt, however, that a much wider scientific significance is to be attached to their work. Not only did the Italian School of anatomists produce the first accurate description of human anatomy and consider seriously the relation of anatomical structure to function, but this was the first time that such work had been done on any living organism. Many dissections of animals had, of course, been carried out, but in a disconnected manner and with confusing results, and there was in fact no real science of zoology. It was the work of such men as Vesalius, medical anatomists studying their subject for its own interest and for the benefit of their practising colleagues, that showed the way to the proper study of animal morphology and thus laid the foundations of one of the great branches of biological science.
It is of some incidental interest, as illustrating the extraordinary flowering of intellectual activity in the sixteenth and early seventeenth centuries, to remind ourselves that the revolution in biology initiated by the Italian anatomists was contemporaneous in physical science with the work of Copernicus which removed the earth from its hitherto accepted position as centre of the universe and only shortly preceded that of Galileo, out of whose discoveries came the first application of quantitative methods in science and not least in physiology.
It may be remarked in passing that the early development of the science of botany was also profoundly influenced by medical interest. From times of antiquity, plants had been used as the source of medicaments and were studied for this reason. So it comes about that the early herbals, with their detailed and accurate depiction of plants that were regarded as useful in the treatment of disease, provide the foundation for the later development of systematic botany. Nor should we forget that the greatest systematizer of natural history, Linnaeus, was himself a medical man who extended his work to the classification of diseases.
THE MODERN ERA OF EXPERIMENT
Throughout the early period so far considered, science was for the greater part philosophical and observational in character; this is perhaps true even more in biology than in physical science. From the middle of the seventeenth century onwards the picture completely changed with the adoption in physics, chemistry and biology of the experimental approachthe setting of a question to Nature and the devising of practical methods by which an answer can be obtainedwhich is the foundation of modern scientific work. For medicine the change came, of course, with William Harvey, on whose achievement I need not dwell, except to say that, apart from the intrinsic beauty of his own work, he will stand for ever as the first outstanding exponent of the experimental method in medicine and physiology, and indeed in biology as a whole.
From Harvey's period I shall take a further leap forward of two centuries to the beginning of the modern epoch in which medicine has become more and more closely intertwined with the branches of science on which it depends and during which it has, as I hope to show, been largely responsible for the development of many new lines of scientific effort. The intervening 200 or so years over which I am passing saw, it is true, great advances in science and many great doctors: the latter, however, apart from generally advancing the science of physiology, were not involved in major scientific discoveries apart from those that arose incidentally to rather than as the result of their professional work; an outstanding example in this category is the discovery of carbon dioxide by Joseph Black when he was Professor of Medicine in the University of Edinburgh. From this point onwards it will be convenient to continue the discussion in terms of subjects without adherence to strict chronology.
Chemistry
The mention of Black's discovery brings to mind chemistry, and particularly organic chemistry, as the first of the branches ofscience to be considered in its more modern developments in relation to medicine. Organic chemistry is generally considered to have originated from Wohler's synthesis of urea, the first demonstration that a natural product of biological origin differed in no essential way from non-biological matter and could be artificially synthesized from its elements. From this point began the development ,of organic chemistry as the study of natural carboncontaining products of biological origin, and such the subject largely remains to the present day. This is not to deny that organic chemistry has enormously increased its range by the development of synthetic methods which have led to the production of many thousands of compounds, so far as is known unrelated to biology; moreover, particularly in its relation with physical chemistry, it has made its own essential contribution to the growth of general chemical theory. But it must be remembered that the pervasive influence of biological thought is manifest even in such a modern technical industrial development of organic chemistry as the production of synthetic fibres, which owes its success, not only to the discovery of methods of polymerization, but to application of these methods on the basis of knowledge of the chemical structure of natural fibres such as wool and cotton.
To return, however, to the direct influence of medicine on the development of organic chemistry, I would remind you of my remark about the intensive studies of plants as sources of medicinal remedies, which really formed the beginning of systematic botany. As methods of investigating the structure of organic compounds were discovered, it was natural that chemists. should turn first to the plant kingdom for their material of study. Apart from the fact that plants. provide man with his basic sources of food, they -have many other uses and attractions for him; among these they provide him with what are still softe of his most valuable constructional materi;as, they offer aesthetic attractions in their form, their colour. and their scent and, often as sideproducts of their metabolism, they form substances that have a profound effecton his body. The constituents of plants that are responsible for their ..structure, their scents and their colours have been studied by not a few organic chemists, but it is the pharmacologically active constituents that first attracted most attention. The greater number of these are either alkaloids or glucosides and no more than a cursory glance at the literature of organic chemistry is needed to show the effort that has been put into the investigation of such compounds and the profound effect that this work has had on the development of the subject. The application of chemistry to the study of the organic constituents of the animal body was very much slower to produce results, owing chiefly to the greater difficulty of isolating the compounds to be studied in the pure state as compared with the situation obtaining in plants. It was not indeed until the great work of Emil Fischer around the turn of the present century, which revealed the .basic chemical structure of proteins and opened up the chemistry of the carbohydrates and of the cyclic bases that are the structural units of the nucleic acids, that the precise chemical study of animal chemistry became possible. (I have deliberately used the term 'animal chemistry' to distinguish this type of work from biochemistry, which is somethingrentirely different.) From the time of Fischer onwards, however, animal chemistry, which in the sense in which I am using the term is no more than an extension of the chemistry of natural products, together with plant chemistry, has presented organic chemistry with some of its most intriguing problems. The hormones and the vitamins, the very existence of which was only revealed by the obsetvations of doctors and the experiments of physiologists, have proved to be compounds of the most unexpected variety, each of which has constituted a chemical problem; the solution of these problems has, of course, advanced biology and medicine; at the same time, however, it has enlarged knowledge of chemistry and in one instance indeed, namely that of the steroids, has -opened up a field that might otherwise well have remained uncultivated.
Biochemistry
Biochemistry in its proper connotation is a branch of science that is true to its name in that it is concerned in the broadest sense with the study of the chemistry of living processes. It has its roots in chemistry, physiology and medicine and in its turn it contributes to all three of these. From chemistry it derives the precise knowledge of structure that is needed to understand the way in which the constituents of the body participate in and exercise their influence on the chemical processes on which life depends; physiology and medicine, on the other hand, provide the challenge to define the chemical basis of normal function and to provide means of quantitative measurements of deviations from the normal, together, if possible, with an explanation in chemical terms of the cause of the deviation. This is indeed a bald definition of the interplay of biochemistry with medicine and other branches of science; the theme of this relationship has been the subject of books and innumerable lectures and is clearly not one to be developed at any length on this occasion; two examples may, however, be taken to illustrate the particular points I wish to emphasize. The first example is provided by the history of work on diabetes. From our present point of view this begins with the discovery by physiologists that a condition resembling the disease can be produced in animals by removal of the pancreas; next comes the demonstration that the diabetic condition can be relieved in the experimental animal and the human patient by injection of extracts of the islets of Langerhans, thus placing the. matter on a biochemical basis. The active principle of these extracts is then isolated and eventually its chemical constitution is determined. At the same time biochemical research provides an analysis of the physiological effects of the active principle and indications of the way in which these effects are exercised at the cellular level. Concurrent research on the hormones of the anterior pituitary reveals the interplay of the growth hormone and insulin in the regulation of carbohydrate metabolism and this work, together with the development of biochemical methods for the estimation of insulin in blood, is even now contributing to the problems of the mtiology of diabetes and of insulin resistance.
The second example is of quite a different character. The interest of a physician, Sir Archi-.bald Garrod, in unusual conditions with familial incidence, such as alkaptonuria and cystinuria, led him to designate these as inborn errors of metabolism; as knowledge of biochemistry and genetics developed, the inborn error of metabolism acquired a more precise definition as the expression of a genetically determined metabolic defect caused by the absence of an enzyme responsible for a specific biochemical reaction. The condition of alkaptonuria had been studied by biochemists both before and after Garrod's work and was known to be associated with an abnormality in the metabolism of the aromatic amino acids, a process that was itself illuminated by these studies. When, therefore, it was found that a certain type of mental deficiency was associated with the abnormal excretion of phenylpyruvic acid (itself a stage in the metabolism of phenylalanine) in the urine, the suggestion was obvious that here also a genetically determined metabolic block existed which interfered with the normal metabolism of this amino acid. The confirmation of this deduction by observation of increased amounts of phenylalanine in the blood of the affected individuals led to attempts to control the condition by restricting the amounts of phenylalanine in the diet, and these attempts, as we all know, have not been without some measure of success. It is worth noting that this success depends on the application of the dietary restriction from the earliest days of life, and that here again biochemistry has been able to supply an essential tool in the form of a simple test for the immediate detection of the abnormal excretion product.
In both these examples we see that the initial stimulus was a medical problem. In the case of diabetes the response to this has given rise to an enormous amount of physiological and biochemical research, which has included the first complete solution of the primary amino-acid structure of a protein. In that of phenylketonuria, not only did the research advance the subject of biochemical genetics, but the practical outcome offers what is perhaps the first glimmer of hope of a successful biochemical attack on the intractable problem of mental deficiency.
Microbiology
It is now about a century since the chemist Pasteur was at the height of his work, undertaken to solve the problems that beset the fermentation industries, which finally settled the controversy about spontaneous generation and marked the beginning of modem microbiology. Although the foundations were laid by Pasteut and although his researches on anthrax and rabies were the first clear demonstration that micro-organisms could cause disease in animals and man, it was nevertheless the medical man Koch who, by his development of Pasteur's work on anthrax, by his own discoveries of the tubercle bacillus and the cholera vibrio and by the methods for the cultivation of bacteria that he devised, really put bacteri'ology on its feet as an independent subject of research.
There is no purpose in examining here the growth of bacteriology as a subject in its own right; that this growth should be rapid was inevitable once the causative relationship between bacteria and infective disease in man had been established. What is more profitable is to consider the upsurge of interest in microbiology, of which medical bacteriology was for long the chief manifestation and for which it was the most potent stimulus, and the influence of this on the general progress of biological science. I would remind you of two simple facts. It was in his work on the pneumococcus that the bacteriologist Avery showed the possibility of transforming a rough type into a smooth type of the organism by treating the former with deoxyribonucleic acid extracted from the latter; this was the first identification of DNA as the basic material of heredity. In another branch of microbiology it was Buchner's work on yeast fermentation that was the beginning of enzymology. All that has emerged from these two discoveries forms the very life blood of the dynamic biochemistry of today.
Another outgrowth from bacteriology is the study of viruses, which arose from the recognition that infective disease in plants, animals and man could be caused by something that was smaller than bacteria since it could pass bacteria-proof filters and could not indeed be seen by visible light microscopy. Now research on viruses has brought us to the point where the line between living and non-living matter is so uncertainly drawn that the biochemist working with a virus thinks of it as a molecule, whilst to the microbiologist studying the same object it is a living organism. There surely cannot have been a more impressive synthesis of scientific effort than that which has brought about the developments of the last few years in what we now call molecular biology; this synthesis has been achieved through a combination of genetical observation and theory with chemistry, physics (particularly crystallography), biochemistry and microbiology, and I have sought to show you how the origin of some at least of the essential constituents of the whole can be traced to problems arising from medicine.
GENERAL CONSIDERATIONS
It would be possible to go on multiplying instances of the sort that I have given; to do so would, however, be wearisome and pointless if, as I hope in the examples that I have selected, I have succeeded in making my point that medicine has unquestionably exercised a profound influence on the development of,science. I prefer, therefore, to assume that this conclusion is accepted and to devote the rest of my lecture to consideration of the reason why this has happened and of whether the influence has been beneficial or otherwise.
First of all I do not wish to be understood to suggest that medicine occupies a unique position in its influence on science. Clearly considerations such as I have given could be advanced in relation to other branches of human activity, such as agriculture and engineering, which are hybrid in the same sense as is medicine in that they are in part science and in part practical art. There is, however, one simple fact which does give medicine a special position in this respect, and that is that the single concern that is shared by every member of the human race is the preservation of physical and mental well-being. This means that every one of us must have an interest, whether expressed or not, in the arts by which our well-being may be preserved and increased, and therefore also in the supports on which the practitioners of those arts rely; of these supports it is now axiomatic that science is the chief.
Scientific Method
There is another way of looking at the effect of a professional activity based on science upon the supporting science itself, and that is from the point of view of scientific method. In a recent article on Biology and the Nature of Science which I myself found of great interest, Gaylord Simpson" discusses the definition of science and refers to efforts that have been made to set out formally the operations of the scientific method. In the attempt to do this that was made by Karl Pearson and others, the first operation is defined as: 'A problem is stated', and this is followed by a series of steps which are logically developed. As Simpson points out, however, the whole formulation is thus unsatisfactory, for the simple reason that the first proposition begs the whole question. How, in fact, is one led to state a problem?
It is not, of course, to be denied that a problem can formulate itself de novo in the mind as the result of purely intellectual activity; such a process must indeed be the basis of original thought in philosophy and in abstract science. At the more mundane level of natural science, however, the course of events is, I believe, different. According at least to my own experience, it is more usual for the existence of a problem to reveal itself when fresh consideration of earlier theories leads to the recognition of gaps and inconsistencies in the argument, or the problem may appear in the course of practical work, when an unexpected result presents itself which cannot be explained by existing knowledge. It is thus Nature who states the problem and the success of the scientist depends on his perspicacity in perceiving it or his intuition in putting the right question to reveal its existence, together with his flair for seeing the best approach to its solution. Perhaps, however, the most prolific source of problems that are stated by Nature in no uncertain terms lies in the practice of those arts, of which science is the principal support.
aScknce (1963) 139, 81 Practical Arts and Science There is abundance of obvious examples to illustrate this point from past and present experience. The farmer, observing how differently his crops behave on different soils, wants to know the reason so that he may understand how to improve his yields; the answer depends on scientific study of plant nutrition and soil composition and structure. He observes further the effects of heredity both in his plants and his animals; what can he do to modify or direct these effects to his advantage? The answer can only come from increased knowledge of the laws of heredity which are a scientific problem. The doctor faced with hereditary disease wants much more. He needs not only to be able to predict the probability of occurrence of cases of hereditary illness but to understand the mechanism by which hereditary effects are produced. So we get the stimulus to the research in genetics, which, having brought microbiology and biochemistry to its aid, is now flowering so abundantly. The doctor observes that disease of an organ of the body or removal of the organ is associated with a particular functional derangement; it appears that this is due to loss of a special substance secreted by the organ in question. What is this substance and how does it act? This is the way in which the subject of endocrinology has developed. A single attack ofan infectious disease may give life-long protection against a subsequent attack. Can this be utilized to practical advantage? The answer in one instance is found to be yes. How then is the protective effect produced? The answer to this second question has to wait half a century or more for the beginnings of bacteriology and the emergence of the science of immunology. Out of bacteriology develops virology, yielding an unexpected dividend to science in that bacteria and viruses prove to be the most valuable tools for the study of the biochemical basis of genetics and molecular biology; immunology extends its scope far beyond infective disease to embrace the basic problems of individual specificity and is itself revivified by the impact of these on the medical problems of blood transfusion and of successful grafting of tissues and organs.
So one could go on; but the point to which I return is that in each case that I have mentioned the scientific problem has been set by observations made in the practice of the art, and for reasons that I have already given it is probably from medicine, among the arts founded on science, that the greatest number of scientific problems has been thrown up in the past. If this has happened in the past, it is also happening now and will without doubt continue in the future. The control of infective diseases that has been achieved during the last twenty-five years through synthetic drugs, antibiotics and by the methods of immunology has completely altered the emphasis of the main body of medical research. The problems that press upon us now are those of genetics, of fertility, of growth and senescence, of mental disease, and these are all problems which challenge thought and research lying at the very roots of biological science; they will require all the resources of biological and physical science for their solution.
THE SENSE OF PURPOSE AND SCIENTIFIC WORK
We now come to the final question. Is it beneficial or deleterious to the progress of science as a whole that its direction should be influenced by the requirements of a practical art in the way in which I have sought to show that biological science at least has been and is being influenced by the needs of medicine? This is, of course, an old question that has been argued many times, frequently as it seems to me with more emotion than reason; nevertheless some consideration of it is inescapable in connexion with my present theme.
In making my selection from the earlier developments of medicine and science, I was assisted by reading the 'Short History of Medicine' by Singer & Underwood (2nd ed. 1962, Oxford) . In this excellent book reference is made more than once to interference with the proper growth of science and indeed of medicine itself by too much preoccupation with practical aims. 'The curse of the practical spirit' is described as a misleading or retarding influence.
As in all such statements there is an element of truth. The man who thinks that no enquiry is worth undertaking unless an immediate practical result is in sight is not only not a scientist but is a menace to the scientific spirit. By his determination to get an answer at all costs, he subjects himself to the great danger of loss of objectivity, and by working in blinkers he shields himself from the incidental observations which in scientific work have so often proved eventually to be of more importance than the main line of work that is being pursued.
This we should all agree. But when I read in the book from which I have just quotedthe statement that 'it was unfortunate that the advance of botany was cursed with the practical spirit' in reference to the fact that the first scientific interest in plants arose from their value as a source of drugs, I find myself confronted with a mode of thought that is difficult for me to understand. For my part, as you will remember from what I said earlier, I have regarded this particular example as an illustration of the opposite point of view. To me it seems indubitable that, although the beautiful and accurate work of the herbalists, inspired as it was by the medical interest of the plants they studied, may have represented an unbalanced approach to botany, it was nevertheless the first scientific approach. When we consider what has flowed from this, it seems odd that we should ignore or deprecate the origin of the impulse that started the whole development.
The ultimate position taken up by those who use such phrases as 'the curse of the practical spirit in science' is that of the pure academic; for him science is a field of human knowledge to be properly cultivated only as an intellectual activity untrammelled by thoughts of any practical objective, however distant; according to this view a scientist should be sufficiently content with his own intellectual satisfaction and with the consciousness that his efforts are adding to the general body of man's understanding of the natural world. It is not to be denied that there are such men, although one may be permitted to doubt whether such a completely disinterested attitude to practical affairs is common. After all it was Einstein, an abstract scientist if ever there was one, who brought the practical possibilities of atomic fission to the notice of President Roosevelt.
There can be little doubt indeed that the majority of scientists share with the majority of mankind the desire for something more than abstract intellectual satisfaction. This something more the scientist can obtain if in the background of his mind he has a sense of purpose in his work. By sense of purpose, I am far from meaning emotional motivation; deep emotional involvement indeed is as destructive of the objectivity essential to the true scientific approach as is the crudest manifestation of the 'practical spirit'; nor is the precise delineation of the object of his work desirable for a scientist since this imposes limitations on the freedom of his mind. What I wish to convey by the desire for a sense of purpose is no more than that a scientist may be happier if he can hope that his work in so far as it is effective in advancing knowledge will also ultimately contribute in some way or another to the well-being of his fellow men. So far as a professional man is concerned, such as a doctor, an agriculturist or an engineer, who decides to devote the whole or part of his time to scientific research, the hope of an eventually useful outcome of his work will be present in his mind from the beginning; more important is the fact that this hope attracts to the field of science supporting a particular practical professional activity many scientists who are not themselves members of the profession in question. In no case is this more true than in that of medicine.
Is the fact that many scientists do depend for their happiness on the possession of a sense of purpose in the terms that I have defined a manifestation of a human weakness and are such people ipso facto less likely to make great advances in knowledge? Until recent years it was impossible to answer these questions on the basis of ascertainable facts, but now the situation is different. For as the extent and power of science have grown, so has it become necessary to take more heed of its social implications, and a conspicuous manifestation of this has been the development in countries throughout the world of organizations for scientific research of which the ultimate objectives are defined. Within these we see men and women working, usually, one may thankfully say, with an enlightened degree of freedom, but nevertheless with the consciousness that they are serving an organization that has been set up for a definite purpose. We have not to look far to find among these men and women scientists who, apart altogether from the practical benefits of their work, have strengthened the basis of natural knowledge in a way of which anyone might be proud. Can we not therefore answer our questions justly and with confidence with the simple words 'by their fruits ye shall know them'? So at the end I come back to the proposition that is implicit in the title of this lecture; it is a proposition that, as will be apparent to you, I would myself accept in wider terms, for I believe that science owes a debt to all the practical arts that themselves are founded on it. This debt I regard as twofold: a debt for the statement of problems, the study of which enlarges the field of scientific activity, and a debt for the conferment of a sense of purpose on those who are engaged in the solution of these problems. In these last few words I commit myself to the view, which indeed I strongly hold, that a man's work in science as in any field of activity can but be the better if he has a sense of purpose in doing it. I have discussed the proposition almost entirely in terms of the relationship between science and medicine and for this I would suggest there is some general justification. Most of us in this room would I suppose be content to say with Pope 'the proper study of mankind is man'; we could certainly do so without exposing ourselves to the reproach of narrowness of scientific outlook, for we very well know that the study of man requires all the resources of science for its prosecution. There may be many different sources of inspiration for the scientific work on which the growth of human knowledge must depend; not least among these sources, I am persuaded, is the practice of the prevention and treatment of man's sicknesses of mind and body which is the art of medicine.
It remains only for me to express my gratitude to the Council of the Royal Society of Medicine for honouring me with the invitation to deliver this lecture, and to make brief reference to the great benefactor of medicine after whom the lecture is named.
On this day Lord Nuffield would have been 86 years old and there is sadness in the thought that for the first time a lecture to which his name is attached becomes a memorial to him rather than a continued tribute during his lifetime. I would like to say, however, that when, many months ago, I decided on the subject of the lecture I did so not solely because I wanted to say the things that I have said this evening. I thought also that Lord Nuffield might perhaps read the lecture and I hoped that if this happened he might take pleasure in the thought that the good done by his great benefactions had extended beyond medicine, which was the immediate object of his generosity, to the advancement of natural science.
It is this thought, together with the lecture that I have just delivered to you, that I hope may be considered my tribute to his memory.
